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Findings from earlier studies on the association between adherence to a Mediterranean diet and risk of overweight/obesity were inconsistent. We
summarized cohort studies investigating the association between the Mediterranean diet and risk of overweight and/or obesity and weight change
in adults. A systematic search of PubMed, Scopus, ISI Web of Science, and Google Scholar was conducted up to May 2021. Prospective cohorts that
examined the Mediterranean diet adherence in adults as the exposure, and overweight and/or obesity or weight change as the outcomes, and
reported RRs or B coefficients and 95% Cls as the effect sizes were included. Seven prospective cohort studies were included of which 6 studies
(with 244,678 adult participants) reported the risk of overweight and/or obesity, and 4 cohorts (with 436,617 participants) reported the weight
change (3 cohorts reported both overweight and/or obesity risk and weight change). Combining 15 effect sizes from 6 cohorts revealed that
greater adherence to the Mediterranean diet was significantly associated with a 9% decreased risk of overweight and/or obesity (RR: 0.91; 95% Cl:
0.88,0.94; * = 44.7%; Po1est = 0.031). This association was significant in the case of studies investigating combined overweight and obesity (RR: 0.92;
95% Cl: 0.88, 0.96; I = 29.4%: PQ—test = 0.166), but not for studies that reported on obesity (RR: 0.68; 95% Cl: 0.43, 1.10, 2 = 50.6%, PQtest =0.132).
Linear dose-response analysis of 6 studies showed a 2% decreased risk of overweight and/or obesity for 1 additional Mediterranean diet score (RR:
0.98; 95% Cl: 0.96, 0.99). Each unit increase in the Mediterranean diet score was associated with 0.04 kg less weight gain over 5y (—0.04 kg; 95% Cl:
—0.07, —0.02 kg; 13 effect sizes from 4 cohorts). In conclusion, Mediterranean diet adherence is inversely associated with risk of overweight and/or
obesity as well as 5-y weight gain and thus has practical importance for public health. Adv Nutr 2022;13:152-166.

Statement of Significance: This meta-analysis of prospective cohort studies revealed that Mediterranean diet adherence was associated
with lower risk of overweight and/or obesity and less weight gain.
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Introduction

The Mediterranean diet, as a healthy plant-based diet, is
characterized by high consumption of fruits and vegetables,
nuts and seeds, whole grains and olive oil; moderate
consumption of fish and poultry; and low consumption
of dairy products, red meats, and processed meats (1).
So far, the association between the long-term adherence
to this dietary pattern and health conditions including
cardiovascular disease (CVD), diabetes, cancer, metabolic
syndrome, and neurodegenerative diseases has been shown
(2). In a meta-analysis, an inverse association was reported
between Mediterranean diet score and risk of mortality (3).

Overweight and obese individuals are more likely to
develop type 2 diabetes, CVD, many cancers, and even
musculoskeletal disorders (4). Furthermore, a large meta-
analysis showed that overweight and obesity could increase
the risk of mortality in different populations (5). Because of
the high fat and carbohydrate content of the Mediterranean
diet, the association between adherence to a Mediterranean
diet and obesity has gained great attention (6, 7). Moreover,
the prevalence of obesity in the Mediterranean countries is
considerable, but the mortality from CVD is significantly
lower in these nations than in other parts of the world (8,
9). Findings from earlier studies on the association between
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adherence to a Mediterranean diet and risk of obesity have
been inconsistent (10-12). In a Seguimiento Universidad de
Navarra (SUN) cohort study, no significant association was
seen between adherence to a Mediterranean diet and risk of
weight gain in Spanish adults (10). The same finding was
also reported from a European Prospective Investigation into
Cancer and Nutrition (EPIC)-Spain cohort in normal-weight
participants; however, adherence to a Mediterranean diet in
that study was significantly associated with reduced risk of
becoming obese in overweight subjects (12). Reports from
clinical trials, focusing on the effect of a Mediterranean diet
on weight loss, have also been inconsistent (13). Given that
findings from clinical trials cannot easily be extrapolated
to normal populations in their routine life, focusing on
prospective cohort studies and summarizing their results
might provide additional information on the role of diet in
preventing obesity incidence in the community. We are aware
of no study summarizing earlier prospective cohort studies
on the association between adherence to a Mediterranean
diet and risk of obesity. This study was therefore done to
systematically review published prospective cohort studies
on the association between adherence to a Mediterranean
diet and risk of overweight and obesity as well as weight
change in the adult population and to quantify these
associations through meta-analysis.

Methods

Search strategy

We performed a comprehensive search of articles published
up to May 2021 using databases including MEDLINE
(PubMed), Scopus, ISI Web of Science, and Google Scholar
with no restriction in language or time of publication.
Detailed information on the search terms is provided
in Supplemental Table 1. Briefly, the following Medical
Subject Headings (MeSH) and non-MeSH terms were used:
(“Mediterranean diet” OR “Med diet”) AND (“Body Weight”
OR Obesity OR overweight OR “Body Weight”) AND
(cohort OR follow up OR longitudinal OR prospective).
Two independent investigators (KL and ZH) selected the
articles and any disagreement was resolved by the principal
investigator (AE). Furthermore, manual searches of the
bibliographies of relevant investigations were performed
to identify additional studies. Then, duplicate citations
were removed. We followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines. The
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study was registered at http://www.crd.york.ac.uk/Prospero
(registration no. CRD42020221658).

Inclusion criteria

Published studies were included if they had the following
criteria: 1) prospective cohort studies conducted in adults
(>18 y); 2) considered baseline adherence to the Mediter-
ranean diet as the exposure, and general overweight and/or
obesity and weight change as the outcomes; 3) reported
RRs with corresponding 95% Cls for the association of
adherence to the Mediterranean diet with overweight and/or
obesity; and 4) reported B coeflicients with corresponding
95% ClIs regarding the association between adherence to
the Mediterranean diet and weight change. Investigations on
unhealthy populations (with a history of diabetes, CVD, or
cancer) were not included.

Exclusion criteria

We excluded these studies: 1) studies that were conducted
in children and adolescents; 2) investigations with over-
weight/obese people at study baseline when we considered
overweight and/or obesity as the outcome; and 3) studies
that reported mean and SD for the association between the
Mediterranean diet and weight change but did not provide
regression coefficients. Three studies (14-16) were excluded
because they considered change in the Mediterranean diet
in relation to change in weight. Two reports were published
from the SUN cohort study (10, 17) with the same study
population. We included only 1 of these studies (10) with
the largest sample size. In addition, 4 reports were published
based on the EPIC cohort (12, 18-20), and we included
the study with the largest sample (19). A more recent study
published on EPIC-Italy with longer follow-up (21) was
considered instead of the EPIC cohort (19) for Italians. In
the study of Ford et al. (22) the OR for >10% weight gain
from baseline was reported in normal weight, overweight,
or obese individuals; because the average BMI at baseline
was 27.4 kg/m?, a 10% increase in weight was the smallest
increment that could shift the average BMI to the obese
range (30.1). However, some individuals with a 10% increase
in their baseline weight in the follow-up might have had
normal weight. For example, an individual with a BMI of
20 at baseline and 22 in the follow-up was considered as
having the outcome of interest, but still was categorized in
normal-weight subjects. So, the outcome of interest in this
investigation was different from other cohorts included in
our analysis and the mentioned study was not included in the
current analysis. Supplemental Table 2 summarizes some of
the excluded publications and the reason for their exclusion.

Data extraction

Data of included studies were independently extracted by
2 researchers (KL and PS). The following information was
extracted from each eligible article: first author’s name,
publication year, cohort name, country, mean age or age
range at entry, gender, sample size, duration of follow-up,
dietary pattern components, method of assessing outcome,
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number of obesity cases, weight change scale, RRs for
overweight and/or obesity, or B coefficients for weight
change, and their 95% Cls, and adjustments for confounding
variables.

Assessment of quality of studies

To evaluate the quality of included studies, we used the
Newcastle-Ottawa scale (NOS) for cohort studies (23).
The NOS is a 9-point scoring scale: 4 for selection, 2 for
comparability, and 3 for assessment of outcomes. Thus, a
maximum score of 9 could be assigned to each study; when a
study got more than a median score of 6, it was considered
as relatively high quality; otherwise it was considered as
a low-quality study. Any disagreements were resolved by
discussion. Results from a quality assessment of studies
included in the meta-analysis are presented in Supplemental
Tables 3 and 4.

Statistical analysis

Log RR = SE was calculated using reported RRs (and 95%
ClIs) for the top categories of adherence to the Mediterranean
diet compared with the bottom categories as the reference.
When the studies reported RRs per an SD increase in
Mediterranean diet score, we converted the data to the
top tertile compared with the bottom tertile by previously
published methods (24, 25). Briefly, assuming a normal
distribution in the exposure and a log-linear association
with the outcome risk, log RRs for the comparison between
the highest and the lowest tertile are equivalent to per SD
increment values multiplied by 2.18. The same approach
was applied for their SEs. Because of different scales of
weight change among studies, we converted them to a
5-y weight change. In this regard, regression coefficients
were divided by the mean time interval in each cohort
and then multiplied by 5. Furthermore, 95% ClIs of the
unstandardized B coefficients were used to calculate SEs.
For 1 study that reported standardized B coefficients (11),
we used previously described formulas (26) to calculate
an unstandardized regression coefficient and SE. Because
included studies were not identical in design, participants,
applied methods, and other factors, they were considered
nonhomogeneous. So, the overall effect size for each outcome
was calculated by a random-effects model to take between-
study variations into account. The I* test and Q-test were
used to investigate heterogeneity between the studies (27)
and were considered significant if the P value of the Q
test was <0.05 and/or > >50%. For overweight and/or
obesity as the outcome, subgroup analysis (based on gender,
country, follow-up duration, dietary assessment method, the
Mediterranean diet definition, quality score of the studies,
energy adjustment, and outcome) was performed to find
out the possible sources of heterogeneity. Overall effect
size in each subgroup was calculated by a random-effects
model. Also, a fixed-effect model was applied to obtain a P
value for heterogeneity between subgroups and to determine
whether the examined variable could be a possible source
of heterogeneity or not. To examine publication bias, funnel
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plots were visually observed. Also, funnel plot asymmetry
was statistically assessed, using the Begg test. Sensitivity
analysis was also performed to explore the influence of each
study on the overall estimate.

A previous method, as described by Greenland and
Longnecker (28) and Orsini et al. (29), was applied for
doing a dose-response analysis per 1 unit of traditional
Mediterranean score. This score ranged from 0 to 9. If a study
had a different score range, we recalculated the reported
effect sizes based on the 0-9 scale. For example, if the
Mediterranean score ranged from 0 to 55 in a cohort, we
multiplied the reported effect size by 9 and then divided
by 55. To evaluate study-specific slopes (linear trends) and
95% ClIs in 2 cohort studies, the natural logs of the RRs
and corresponding CIs across levels of the Mediterranean
diet score were applied (10, 21). This method required the
distribution of participants with general overweight/obesity
and the RRs with the variance estimates for >3 categories of
the independent variable. We assigned a mean score of the
Mediterranean diet in each category to the corresponding RR
of the category for each study. If RRs had not been provided
for >3 categories, as well as other required information for
this method, we used the continuous RRs reported in the
studies for linear dose-response analysis. Statistical analyses
were performed with Stata version 14.0 (StataCorp LLC). P
values <0.05 were considered as statistically significant.

Results

Literature search

In the initial search 5255 articles were identified for screen-
ing. After excluding the articles that did not meet our inclu-
sion criteria and those that were duplicates, 24 potentially
relevant articles remained (Figure 1). Full-text articles were
reviewed and 17 additional studies were excluded based on
inclusion and exclusion criteria. Finally, 7 prospective cohort
studies, of which 6 reported on overweight and/or obesity
and 4 reported on weight change (3 studies had both reports),
were eligible for this systematic review and meta-analysis.

Study characteristics

Table 1 presents details of 6 cohort studies, with 15 effect sizes
including a total of 244,678 participants aged 18 to 70, that
investigated the association between the Mediterranean diet
and risk of overweight and/or obesity. These cohorts were
conducted in Italy (21), Spain (10), France (11), Greece (30),
and China (31), and 1 of the studies (19) was conducted in
9 countries including France, Spain, the United Kingdom,
the Netherlands, Greece, Germany, Sweden, Norway, and
Denmark. Among these studies, 1 separately investigated the
relation between Mediterranean diet and overweight and/or
obesity in men and women, whereas 5 others were conducted
on both genders. Also, 1 study separately reported effect sizes
for 9 different countries. The number of study participants
varied from 343 to 197,522. Most studies used FFQs to
assess dietary intakes; however, 24-h dietary recall (11) and



FIGURE 1 Flowchart of the study selection process.

a country-specific validated dietary questionnaire (19) were
applied in 2 investigations. For scoring of the Mediterranean
diet, 4 studies used the method of Trichopoulou et al. (1),
whereas 2 others used other methods (19, 30). One study (21)
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used the modified version of the Trichopoulou et al. method.
Weight and height values were self-reported in 4 studies
(10, 19, 21, 30), whereas in 2 other cohorts (11, 31) they were
measured by trained individuals. Three cohorts reported RRs
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Adjustments*
2,3,6,7

Score
4

Comparison
Per1SD
Increase

RR (95% CI)
1.35(0.94,1.93)

Cases
49

)

Outcome
assessment
Overweight

(BMI >23

Dietary pattern
components3
Mediterranean
dietary score
(Trichopoulou)

Exposure
assessment
FFQ

Duration
follow-up, y
5.0-9.0

person-year
343;NR

Sample size, n;

Sex
M/F

Age?y
437 + 111 (25-74)

Country
China

Cohort name
NR

(Continued)

TEPIC, European Prospective Investigation into Cancer and Nutrition; NL, Netherlands; NR, not reported; Q, quartile; SUN, Seguimiento Universidad de Navarra; SUVLMAX, SUpplementation en Vitamines et Mineraux AntioXydants; T, tertile; UK, United Kingdom; (4), high intake; (=), low

intake; (m), moderate intake.
and dairy products, (m): alcohol. Yannakoulia 2008: (+): nonrefined cereals, vegetables, fruit, legumes, fish, olive oil, and potatoes, (—): meat and meat products, poultry, full-fat dairy products, (m): alcohol. Woo 2007: (+): cereals, vegetables, fruit and nuts, legumes, fish, (—): meat, poultry,

alcohol. Beunza 2010: (+): vegetables, fruit and nuts, legumes, cereals, bread and potatoes, ratio of MUFA to SFA, (—): meat and poultry, dairy products, (m): alcohol. Romaguera 2010: (+): vegetables, legumes, fruit and nuts, cereals, fish and seafood, olive oil, (—): meat and meat products
dairy products, (m): ethanol.

3Dletary pattern components: Agnoli 2018: (+): pasta, vegetables, fruit, pulses, olive oil, and fish, (—): soft drinks, butter, red and processed meat, and potatoes, (m): alcohol. Lassale 2012: (+): fruit, vegetables, legumes, grains, fish, ratio of MUFA to SFA, (—): meat, dairy products, (m):
4Adjustrmems: center (1), age (2), sex (3), nonalcoholic energy intake (4), distance between baseline and recall (5), education (6), physical activity (7), menopausal status for women (8), energy intake (9), number of 24-h records (10), smoking status (11), supplementation group (12),

baseline BMI (13), sedentary behavior (14), snacking (15), follow-up duration (16), misreporting of energy intake (17).

SFrance, Spain, UK, NL, Greece, Germany, Sweden, Denmark, Norway.

2Values are mean & SD (range).

First author (year)
Woo (2007) (31)

TABLE 1

for combined overweight and obesity, 2 for obesity, and 1
for overweight. Reported RRs for overweight and/or obesity
ranged from 0.45 to 1.35. Most studies considered age (n = 5),
physical activity (n = 5), energy intake (n = 4), sex (n = 4),
education (n = 4), and smoking (n = 3) as the potential
confounding variables. However, 1 of these cohorts (30) did
not control for any confounder. According to the NOS, 2
studies were of high quality, whereas 4 others were of low
quality.

Detailed information regarding the association between
the Mediterranean diet and weight change is provided
in Table 2. Four cohorts with 13 effect sizes including 436,617
healthy participants with a follow-up duration of 5 to 13 y
were examined. These studies were conducted in Italy (21),
Sweden (32), and France (11). The last cohort was conducted
in 9 countries including France, Spain, the United Kingdom,
the Netherlands, Greece, Germany, Sweden, Norway, and
Denmark (19). The age range of participants was between
25 and 70. One investigation separately assessed the link
between Mediterranean diet and weight change in men
and women, another cohort consisted only of women, and
2 others were conducted in both genders. Also, 1 study
separately provided effect sizes for 9 different countries. The
number of study participants ranged from 3151 to 373,803.
Most studies used FFQs and the Trichopoulou method (1)
for assessment of usual dietary intake and Mediterranean diet
score, respectively. However, 2 studies used other methods.
Three cohorts (19, 21, 32) used self-reported weight and
height values, and anthropometric values in the last cohort
(11) were measured by trained individuals. Weight change
was reported over 5 y in 2 cohorts, whereas others reported
weight change over 12 and 13 y. Potential confounders mostly
controlled for were age (n = 4), physical activity (n = 4),
energy intake (n = 4), menopausal status for women (n = 3),
smoking (n = 2), and baseline BMI (n = 2). Three cohort
studies were of high quality and 1 was of low quality, based
on the NOS.

Findings from the meta-analysis on overweight and/or
obesity

Combining 15 effect sizes from 6 prospective cohort studies
(9 additional effect sizes were from 1 cohort that separately
reported RRs for 9 different countries and another study
that separately reported RR for males and females), which
included 244,678 subjects, revealed that greater adherence
to the Mediterranean diet was significantly associated with
a 9% decreased risk of overweight and/or obesity (pooled RR
= 0.91; 95% CI: 0.88, 0.94) (Figure 2). However, moderate
heterogeneity was observed between studies (I = 44.7%;
Pq.test = 0.031). To explore the source of heterogeneity,
subgroup analysis was done based on the outcome of interest
(combined overweight and obesity compared with obesity)
(the only effect size for overweight was not included in this
analysis). As shown in Figure 3, combining 11 effect sizes
from 3 cohorts that combined overweight and obesity as their
outcome revealed that a high score on the Mediterranean
diet, compared with a low score, was associated with an
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Score Adjustments*

Comparison

0.01)
—0.00)

B coefficient
(95% Cl)
—0.02 (=0.05,
EPIC-Norway:
—0.05 (—0.09,

Outcome
components3 assessment
EPIC-Denmark:

Dietary pattern

Exposure
assessment

follow-up, y

Duration

Sex Sample size, n

Country Age?y

Cohort name

(Continued)

3Dietary pattern components: Agnoli 2018: (+): pasta, vegetables, fruit, pulses, olive oil, and fish, (—): soft drinks, butter, red and processed meat, and potatoes, (m): alcohol. Li 2015: (+): cereals, vegetables, fruits/nuts, legumes, fish/seafood, and a high ratio of unsaturated fat:SFA, (=): dairy

and meat products, (m): alcohol. Lassale 2012: (+): fruit, vegetables, legumes, grains, fish, ratio of MUFA to SFA, (—): meat, dairy products, (m): alcohol. Romaguera 2010: (+): vegetables, legumes, fruit and nuts, cereals, fish and seafood, olive oil, (—): meat and meat products and dairy

products, (m): alcohol.
4Adjustments: center (1), age (2), sex (3), nonalcoholic energy intake (4), distance between baseline and recall (5), education (6), physical activity (7), menopausal status for women (8), baseline BMI (9), smoking status (10), height (11), baseline outcome (12), energy intake (13), number of

24-h records (14), supplementation group (15), baseline weight and height (16), sex (17), follow-up time (18), misreporting of energy intake (19).

TEPIC, European Prospective Investigation into Cancer and Nutrition; NL, Netherlands; NR, not reported; SUVI.MAX, SUpplementation en Vitamines et Mineraux AntioXydants; UK, United Kingdom; WLH: Swedish Women'’s Lifestyle and Health; (+), high intake; (=), low intake; (m),
5Standardized B coefficient.

moderate intake.
SFrance, Spain, Italy, United Kingdom, Netherlands, Greece, Germany, Sweden, Denmark, Norway.

2Values are mean = SD (range).

First author (year)

TABLE 2

8% lower risk (pooled RR = 0.92; 95% CI: 0.88, 0.96),
whereas such an association was not observed for cohort
studies that considered obesity as the outcome (3 effect
sizes from 2 cohorts; pooled RR = 0.68; 95% CI: 0.43,
110) (Pheterogeneity between subgroups — 0057) SUbgroup analYSiS
based on other covariates (including gender, country, energy
adjustment, dietary assessment method, Mediterranean diet
definition, follow-up duration, and quality score of cohorts)
was also conducted (Table 3). Greater adherence to the
Mediterranean diet, compared with low adherence, was
protectively associated with overweight and/or obesity in
most subgroups. Sensitivity analysis revealed that pooled RR
was not significantly influenced by any individual cohort.
No asymmetry was seen in the funnel plot and no evidence
for publication bias was found according to the Begg test
(P =0.921).

Findings from linear dose-response analysis on
overweight and/or obesity

Six publications (10, 11, 19, 21, 30, 31) including 243,314
participants were included in the linear dose-response
analysis. This analysis revealed that there was a 2% decreased
risk of general overweight and/or obesity per 1 additional
Mediterranean diet score (pooled RR = 0.98; 95% CI: 0.96,
0.99) (Figure 4). We did not perform a nonlinear meta-
analysis because the number of eligible studies was limited
(n=2).

Findings from the meta-analysis on 5-y weight change
Figure 5 illustrates the combination of 13 effect sizes from
4 cohorts with 436,617 adults (9 additional effect sizes
were from 1 cohort that separately reported effect sizes
for 9 different countries and another study that separately
reported effect sizes for males and females); we found that
each unit increase in the Mediterranean diet score was
significantly associated with 0.04 kg less weight gain over 5
y (—0.04 kg; 95% CI: —0.07, —0.02 kg). However, between-
studies heterogeneity was high (I> = 83.3%; Pq st < 0.001).
This heterogeneity remained significant even after subgroup
analysis based on different variables (gender, dietary as-
sessment method, Mediterranean diet definition, follow-up
duration, and quality score of cohorts), as reported in Table 3.
Sensitivity analysis showed that none of the included studies
significantly influenced the overall effect size. There was
evidence of potential publication bias based on the Begg test
(P =0.005) and Egger test (P = 0.006). The overall effect size
did not change after trim-and-fill analysis.

Discussion

This meta-analysis revealed that among 6 prospective cohort
studies higher adherence to the Mediterranean diet was
associated with a lower risk of overweight and/or obesity.
Stratified analysis also showed that the highest adherence
to the Mediterranean diet was associated with a lower risk
of combined overweight and obesity (BMI >25), but not
with obesity (BMI >30). Also, a weak, but significant, linear
association was observed between the Mediterranean diet
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First Author (Year) (Ref.)

RR (95% CI) Weight (%)

]
Woo (2007) (31) E - > 1.92(0.88,421)  0.18
Yannakoulia (2008) (30) = 0.77 (0.45,1.30)  0.39
Beunza (2010) (10) - 0.90(0.76,1.07)  3.67
Romaguera (EPIC-France) (2010) (19) - 0.88(0.83,0.94)  26.38
Romaguera (EPIC-Spain) (2010) (19) I 1.03(0.91,1.15)  8.19
Romaguera (EPIC-UK) (2010) (19) — 0.97 (0.87,1.08)  9.25
Romaguera (EPIC-NL) (2010) (19) — | 0.83(0.72,094) 632
Romaguera (EPIC-Greece) (2010) (19) — 0.97 (0.81,1.17)  3.28
Romaguera (EPIC-Germany) (2010) (19) [ | 0.83(0.74,0.92)  9.25
Romaguera (EPIC-Sweden) (2010) (19) B 0.94 (0.84,1.06)  8.13
Romaguera (EPIC-Denmark) (2010) (19) — 0.97 (0.87,1.09)  8.30
Romaguera (EPIC-Norway) (2010) (19) B 0.94 (0.83,1.08)  6.36
Lassale (Men) (2012) (11) * E 0.45(0.27,0.75)  0.41
Lassale (Women) (2012) (11) e 1.04(0.52,2.09)  0.23
Agnoli (EPIC-Italy) (2018) (21) — 0.89 (0.80,0.99)  9.67
Overall (I-squared =44.7%, P=0.031) Q 0.91 (0.88, 0.94) 100.00

'

'

'

1

FIGURE 2 Forest plot of cohort studies examining the association between Mediterranean diet adherence and risk of overweight and/or
obesity in adults. The area of each shaded box is proportional to the weight of the study.

score and overweight and/or obesity. In addition, we found
that the Mediterranean diet was significantly associated
with less weight gain during 5 y of follow-up among 4
cohort studies. This association was present in almost all
subgroups.

Considering the high prevalence of obesity and its relation
to chronic disease, it is clinically necessary to maintain a
healthful weight. Based on our findings, higher adherence to
the Mediterranean diet was associated with a decreased risk
of overweight and/or obesity as well as less weight gain in
adults. Given these findings, adhering to the Mediterranean
dietary pattern could be recommended to decrease the risk
of overweight and obesity.

The association between the Mediterranean diet com-
ponents and the risk of obesity and weight gain has been
previously investigated. Based on the Mediterranean diet
recommendations, meat and dairy intakes should be lowered.
The Italian cohort study by Agnoli et al. (21) showed that
removing meat products from the Mediterranean diet score
made the association between this score and less weight
gain and obesity nonsignificant. Therefore, meat products
might have a significant influence on weight gain and obesity.
Similarly, 2 meta-analyses found that higher consumption
of both red and processed meat was significantly associated
with increased risk of general and abdominal obesity as
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well as weight gain (33, 34). This might be due to the high
energy density and fat content of red meat, which might
alter appetite signaling (35). Furthermore, consuming high
amounts of red meat might be a reflection of an unhealthy
dietary pattern and more detrimental lifestyle habits (35). In
the aforementioned meta-analysis, no association between
dairy products and overweight and/or obesity was found
(34). However, it did show an inverse association between
highly recommended components of the Mediterranean diet
and overweight and/or obesity (34). Moreover, results from 3
prospective studies showed that unlike fruits and vegetables,
starchy foods and refined grains were related to higher weight
gain (36). These controversies might be attributed to different
components and methods used to assess the Mediterranean
diet score and different confounders controlled in each study.
Several methods have been developed to evaluate adherence
to the Mediterranean diet. These methods are mostly based
on the dietary components, which reflect local food intake
patterns. Moreover, some food groups are combined to
define a single component. Also, these scoring methods are
based on the amounts consumed of each food group, which
differ considerably in each population. Therefore, the above-
mentioned differences could potentially change the level of
adherence to the Mediterranean diet in different populations.
In addition, controlling confounders is necessary to find



First Author (Year) (Ref.) RR (95% CI) Weight (%)
Overweight + Obesity |
Agnoli (EPIC-Italy) (2018) (21) —— 0.89 (0.80, 0.99) 9.99
Beunza (2010) (10) T 0.90(0.76,1.07)  5.47
Romaguera (EPIC-France) (2010) (19) == 0.88(0.83,0.94)  14.68
Romaguera (EPIC-Spain) (2010) (19) — 1.03 (0.91,1.15)  9.15
Romaguera (EPIC-UK) (2010) (19) = 0.97 (0.87,1.08)  9.76
Romaguera (EPIC-NL) (2010) (19) | 0.83(0.72,0.94)  7.88
Romaguera (EPIC-Greece) (2010) (19) — 0.97 (0.81, 1.17) 5.03
Romaguera (EPIC-Germany) (2010) (19) —— | 0.83(0.74,0.92)  9.76
Romaguera (EPIC-Sweden) (2010) (19) B 0.94 (0.84,1.06)  9.12
Romaguera (EPIC-Denmark) (2010) (19) R 0.97(0.87,1.09)  9.22
Romaguera (EPIC-Norway) (2010) (19) T 0.94 (0.83, 1.08) 7.91
Subtotal (I-squared =29.4%, P =0.166) <|> 0.92 (0.88,0.96)  97.97
I
Obesity |
Lassale (Men) (2012) (11) ® ! 0.45(0.27,0.75)  0.81
Lassale (Women) (2012) (11) . 1.04(0.52,2.09) 045
Yannakoulia (2008) (30) i 0.77 (0.45,1.30)  0.77
Subtotal (I-squared =50.6%, P=0.132) — = 0.68 (0.43,1.10)  2.03
Overall (I-squared = 40.5%, P = 0.058) Q 0.91 (0.87, 0.96) 100.00

FIGURE 3

Forest plot of cohort studies examining the association between Mediterranean diet adherence and risk of overweight and/or

obesity in adults, stratified by outcome of interest. The area of each shaded box is proportional to the weight of the study.

the independent association between 2 variables of interest;
however, taking different confounders into account might
shift the results to either a significant or nonsignificant
association.

We found an inverse association between Mediterranean
diet and risk of overweight and/or obesity and weight
gain. Two reports on the EPIC cohort study have also
revealed a significant association between higher adherence
to the Mediterranean diet and waist circumference (21, 37);
however, 2 other cohorts did not confirm this finding (32, 38).
Another cohort study of postmenopausal women observed
no significant association between the highest adherence to
Mediterranean diet and risk of weight gain (22). It is worth
noting that underreporting of diet and weight is common in
overweight/obese individuals, especially female individuals
(39). This might be why previous studies mostly found
a strong inverse association between the Mediterranean
diet and weight gain in normal-weight individuals (19,
21). Unlike most prior cohorts, which considered baseline
adherence to the Mediterranean diet as the exposure of
interest, Fung et al. (14) investigated the change in adherence
to the Mediterranean diet over the follow-up duration to
decrease the possibility of reverse causation. Remarkably,

they found a stronger inverse association between the
Mediterranean diet and weight gain in the individuals who
were overweight and obese at baseline (14). This means
that people change their diet in an effort to lose weight;
therefore, the association in individuals with BMI >25 was
stronger.

Findings of previous randomized control trials (RCTs)
are in agreement with our findings. A recent meta-analysis
showed that following a Mediterranean diet significantly
reduced body weight (—1.72 kg; 95% CI: —2.40, —1.05 kg),
BMI (—0.41;95% CI: —0.71, —0.10), and waist circumference
(—1.47 cm; 95% CI: —2.54, —0.39 cm) (40). In contrast,
no significant effect was found in case of the total fat mass
(—0.47 kg; 95% CI: —1.53, 0.60 kg) or percentage of body fat
(—0.12%; 95% CI: —1.60%, 1.37%). Another meta-analysis
revealed that a 6-mo intervention with the Mediterranean
diet could lower body weight by 2.87 kg (41). It should be
considered that these interventions are usually conducted
on obese individuals or individuals at high risk of CVDs.
Furthermore, RCTs cannot reflect the routine dietary intakes
of people. Therefore, findings of interventions could not
be compared directly with those from prospective cohort
studies.
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TABLE 3 Results of subgroup analysis for adherence to the Mediterranean diet and overweight and/or obesity risk and weight change

Subgroup analysis for adherence to the Mediterranean diet and risk of overweight and/or obesity

Effect sizes, n RR (95% CI)’ P within? 12 (%) P between?
Overall 15 0.91(0.88,0.94) 0.031 447
Gender 0.019
Male 1 0.45(0.27,0.75) — —
Female 3 0.89 (0.84,0.95) 0.597 0.0
Both 1M 0.92 (0.87,0.98) 0.089 389
Country 0.061
European 14 0.91(0.87,0.96) 0.058 40.5
Non-European 1 1.92(0.88,4.21) — —
Energy adjustment 0.601
Adjustment 13 0.91 (0.87,0.96) 0.044 440
No adjustment 2 1.16 (047, 2.84) 0.057 724
Dietary assessment method 0.088
FFQ 6 0.93(0.87,0.99) 0.391 40
24-h recall 2 0.66 (0.29, 1.50) 0.059 720
Country-specific questionnaires 5 0.90 (0.82,0.97) 0.042 596
FFQ + food record 2 0.96 (0.88, 1.04) 0.746 0.0
Mediterranean diet definition 0.630
Trichopoulou 4 0.89(0.56, 1.42) 0.014 716
Others 1M 0.92 (0.88, 0.96) 0.150 313
Follow-up duration 0.350
<10y 12 0.92 (0.88,0.97) 0.086 382
>10y 3 0.75(048,1.18) 0.036 70.0
Quality score of cohorts? 0.350
Low quality 12 0.92(0.88,0.97) 0.086 382
High quality 3 0.75(0.48,1.18) 0.036 70.0
Subgroup analysis for adherence to the Mediterranean diet and 5-y weight change
Effect sizes, n B coefficient (95% Cl) P within' I (%) P between?
Overall 13 —0.04 (—0.07, —0.02) <0.001 833
Gender <0.001
Male 1 —0.53(—0.73,—0.33) — —
Female 4 —0.03 (—0.07,0.02) 0.003 782
Both —0.04 (—0.06, —0.01) <0.001 78.8
Dietary assessment method <0.001
FFQ 4 —0.01(—0.03,0.01) 0.061 594
24-h recall 2 — 048 (—0.65,—0.31) 0.335 0.0
Country-specific questionnaires 5 —0.06 (—0.10, —0.02) 0.003 746
FFQ + food record 2 —0.01(—=0.03,0.01) 0.395 0.0
Mediterranean diet definition 0.062
Trichopoulou 3 —0.27 (—0.68,0.13) <0.001 93.7
Others 10 —0.04 (—0.06, —0.02) <0.001 754
Follow-up duration 0.001
<10y 9 —0.04 (—0.07, —0.02) 0.001 70.5
>10y 4 —0.06 (—0.13,0.01) <0.001 90.8
Quality score of cohorts* 0.001
Low quality 9 —0.04 (—0.07,—0.02) 0.001 70.5
High quality 4 —0.06 (—0.13,0.01) <0.001 90.8

'Values were obtained from random-effects model.

2P for heterogeneity within subgroup obtained from random-effects model.
3P for heterogeneity between subgroups obtained from fixed-effect model.
#Quality scores were according to the Newcastle-Ottawa scale.

Several mechanisms might clarify the linkage between
adherence to a Mediterranean diet and weight status. Most
previous findings have focused on the satiety-inducing
properties of the Mediterranean diet and, therefore, its
ability to lower energy intake. This characteristic is mainly
attributed to the Mediterranean diet components. On the
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one hand, high consumption of fruits and vegetables is
recommended in the Mediterranean diet. Therefore, this
diet contains relatively large amounts of dietary fiber.
High-fiber foods need more mastication, which could in-
crease cholecystokinin release (42, 43). This, in turn, could
provoke satiety and the sensation of fullness. Furthermore,



First Author (Year) (Ref.)

RR (95% CI) Weight (%)

Woo (2007) (31) E * 1.21 (0.96,1.52)  0.42
Yannakoulia (2008) (30) * : 0.88(0.69, 1.13)  0.37
Beunza (2010) (10) - 0.99(0.97,1.01) 12.73
Romaguera (EPIC-France) (2010) (19) - 0.96 (0.94,0.98) 12.55
Romaguera (EPIC-Spain) (2010) (19) r B 1.01 (0.97,1.06)  6.81
Romaguera (EPIC-UK) (2010) (19) — 0.99 (0.96, 1.03) 8.71
Romaguera (EPIC-Netherlands) (2010) (19) —0—: | 0.94 (0.90,0.98) 7.14
Romaguera (EPIC-Greece) (2010) (19) —IO— 0.99(0.92,1.06) 3.57
Romaguera (EPIC-Germany) (2010) (19) —0—': 0.94 (0.91,0.98) 8.28
Romaguera (EPIC-Sweden) (2010) (19) B 0.98(0.94,1.02) 7.48
Romaguera (EPIC-Denmark) (2010) (19) —_— 0.99(0.95,1.03) 7.56
Romaguera (EPIC-Norway) (2010) (19) —_—— 0.98(0.94,1.03) 6.49
Lassale (Men) (2012) (11) _— i 0.81(0.72,0.92) 1.39
Lassale (Women) (2012) (11) - 1.02(0.89,1.17)  1.14
Agnoli (EPIC-Italy) (2018) (21) > 0.99 (0.98,1.00)  15.35
Overall (I-squared =57.1%, P =0.003) 0 0.98 (0.96, 0.99) 100.00

1

1

1

1

FIGURE 4 Forest plot of cohort studies examining the linear dose-response association between Mediterranean diet adherence and risk
of overweight and/or obesity in adults. The area of each shaded box is proportional to the weight of the study.

consuming high-fiber foods leads to increased bacterial
production of SCFAs in the intestine (43). SCFAs in the
liver might activate AMP-activated protein kinase (43). This
enzyme might have positive effects on abdominal obesity be-
cause of its role in metabolic homeostasis (43). On the other
hand, the Mediterranean diet consists mostly of low glycemic
index (GI) carbohydrates (such as whole grains). Lower-
GI foods attenuate insulin secretion, which is an anabolic
hormone (44), and result in less weight gain (44). Moreover,
lower-GI foods might delay the hunger sensation, and
therefore lead to decreased energy intake (45). It is also worth
mentioning that the Mediterranean diet mostly recommends
beneficial fat sources, including olive oil and fish (10). There-
fore, this could minimize concerns about its high fat content
(10).

There are some strengths in the present meta-analysis.
This is the first and most comprehensive meta-analysis
that examines the association between the Mediterranean
diet and overweight and/or obesity and weight change in
adults. Also, only prospective studies were included; thus,
recall and selection bias are trivial. In addition, subgroup
analyses based on several confounders were done. Further-
more, a dose-response meta-analysis was performed and
revealed a linear association between the Mediterranean diet

and the risk of overweight and/or obesity. Besides these
strengths, we need to acknowledge some limitations in our
investigation. Dietary intake and anthropometric values have
been assessed with self-reported questionnaires in most eli-
gible studies. The assessment methods for the Mediterranean
diet adherence varied among the studies. Also, different
questionnaires were used to assess individuals’ dietary intake.
Not all the investigations reported the association between
the Mediterranean diet and outcomes of interest in males and
females separately. These limitations could lead to the ob-
served between-study heterogeneity that did not completely
resolve in subgroup analyses. Most of the eligible studies
were conducted in the Mediterranean nations; therefore, we
should cautiously extrapolate our findings to other non-
Mediterranean countries. Furthermore, ignoring potential
confounders including energy intake in some included
studies might result in misleading conclusions about the
effect of Mediterranean diet adherence on the outcomes
of interest. Moreover, the overall effect size in low-quality
studies was smaller than that in high-quality investigations
(RR = 0.92 compared with 0.75). This overall effect size for
low-quality studies was significant, but the pooled RR for
high-quality studies was nonsignificant, probably due to the
low number of included studies. Low-quality investigations
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First Author (Year) (Ref.) S-year weight change (kg) ~ Weight (%)
(95% CI)

-
Romaguera (EPIC-France) (2010) (19) % -0.04 (-0.07, -0.01) 9.53
Romaguera (EPIC-Spain) (2010) (19) == i -0.15 (-0.20, -0.10) 7.54
Romaguera (EPIC-UK) (2010) (19) == -0.02 (-0.05, 0.01) 9.53
Romaguera (EPIC-Netherlands) (2010) (19) "' -0.05 (-0.10, -0.00) 7.54
Romaguera (EPIC-Greece) (2010) (19) "' -0.04 (-0.09, 0.01) 7.54
Romaguera (EPIC-Germany) (2010) (19) ~~ -0.04 (-0.08, -0.00) 8.54
Romaguera (EPIC-Sweden) (2010) (19) == -0.00 (-0.04, 0.03) 9.05
Romaguera (EPIC-Denmark) (2010) (19) ~ -0.02 (-0.05, 0.01) 9.53
Romaguera (EPIC-Norway) (2010) (19) = -0.05 (-0.09, -0.01) 8.54
Lassale (2012) (11) —_— i | -0.53 (-0.73, -0.33) 1.27
Lassale (2012) (11) - E | -0.34 (-0.67, -0.00) 0.49
Li (2015) (32) Y 0.01 (-0.01, 0.04) 9.98
Agnoli (EPIC-Italy) (2018) (21) © -0.01 (-0.02, 0.00) 10.91
Overall (I-squared = 83.3%, P < 0.001) -0.04 (-0.07, -0.02) 100.00

- - >

FIGURE 5

Forest plot of cohort studies examining the association between Mediterranean diet adherence and 5-y weight change in

adults. The area of each shaded box is proportional to the weight of the study.

were those in which >20% of their participants were lost
to follow-up, studied nonrepresentative populations, and did
not consider energy intake as the major confounder in their
analysis. Therefore, more high-quality prospective studies
without these limitations are required to shed light on the
associations.

Conclusion

In conclusion, we found that the Mediterranean diet adher-
ence was inversely associated with risk of overweight and/or
obesity. Moreover, a significant inverse association was found
between the Mediterranean diet score and 5-y weight gain.
Considering the pandemic prevalence of overweight and
obesity, even a minimal advantage of Mediterranean diet
adherence to reduce this prevalence would have a substantial
clinical impact for the entire population.
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